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ABSTRACT 
The purpose of the study was to investigate the changes associ­
ated with blood pH and different exercise work loads during competition. 
Finger tip blood samples (l milliliter ) ,  were obtained from 33 male sub­
jects from the varsity swimming and track teams 6f Eastern Illinois Uni­
versity . The samples were taken prior to exercise and between three and 
seven and one half minutes after cessation of the event . The blood sam­
ples were analyzed with a Radiometer Micro Blood pH Unit . The subjects 
were chosen on the basis of the events in which they competed . The swim­
ming subjects competed in the 100 , 200 , 500 , and 1000 yard freestyle events 
while the track subjects competed in the 440 arid 880 yard runs and the 
mile and two mile runs. The results from the events comparable in duration 
and intensity were statistically analyzed using the student ! and correla­
tion techniques. 
In analyzing the data it was concluded:  1) a drastic pH decrease 
does occur after exercise, 2 )  the lower mean post-exercise pH values and 
greater pH changes occurred after the events of short duration and high 
intensity, 3) that relatively high positive correlations are found between 
the duration of the trac.k event and the post-x pH values and pH changes , 
4 )  in all comparisons the track events produced greater mean pH changes 
and lower mean post-exercise pH values than did the comparable swimming 
events .  
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CHAPTER I 
INTRODUCTION 
Preliminary Statement 
The human body and its functions during exercise have been the 
subject of intense study for many decades . The body responds to exercise 
in a number of ways; among these a�e changes in circulation, respiration, 
digestion, body temperature and kidney function. It is important to the 
physical educator to develop an understanding and appreciation of tne body 
' 
functions during stressful situations . In order to fulfill this ne�d, it 
is necessary , through research , to investigate the physiological changes 
that occur during and after exercise. This study is an attempt to inves-
tigate only a minute portion of the circulorespiratory responses �o vio-
lent exercise. 
Purpose of the Study 
The purpose of the study was to investigate the physiological 
changes associated with blood pH and different exercise work loads during 
competition . The blood pH measurements of 16 swimmers and 17 trackmen 
were obtained after competitive situations in order to compare the pH 
levels attained while the subjects participated in events that were com-' 
parable in the amount of time consumed . 
Need for the Study 
In recent years several studies have been conducted investigating 
1 
2 
blood .pH and trained subjects during different types of exercise. 1, 2 , 3  
These studies have been performed in laboratories using standardized work 
loads while the subjects performed on various types of mechanic�l devices . 
Very few studies have been conducted using trained subjects in actual 
competitive situations . Therefore, the need to compare pH changes as the 
result of different levels of intensity and duration in swimming and track 
competition , was evident . 
Limitations 
The study was limited to middle distance and distance performers 
on the varsity swimming and indoor track teams at Eastern Illinois Univer-
sity during February and March, 197 1 .  
Blood pH 
Acids are produced in large quantities in the processes of metab-
olism. When these acids are in acqueous solution , they are characterized 
by the fact that they ionize to form hydrogen ions (H+) . The hydrogen ion 
enters easily into chemical reactions and has a strong effect on many body 
functions. Therefore , it would be detrireental if the hydrogen ion should 
accumulate to excess . 4 
1 J. C. Cruz, H. Rahn 
pH and Cardiac Output During 
Applied Physiology , Vol. 27 . 
and L .  E .  Farki , "Mixed Venou$ P02, PC02, 
Exercise in Trained Subjects," Journal of 
(September , 1969), pp . 431-34. 
2Alf Holmgren and Malcolm B .  Mcilroy, "Effect of Temperature on 
Arterial Bloc� Gas Tensions and pH During Exercise ," Journal of Applied 
Physiology , Vol. 19 . (March, 1964) , pp . 243-45 . 
3Edmund M .  Bernauer , "Endurance Performances and Related Physiolog­
ical Responses Under Selected Thermai Environment , "  (unpublished Doctor's 
dissertation , University of Illinois , 1963) . 
4Ralph W.  Stacy and John A .  Sa11toluci to , Modern College Physiology, 
(St. Loui s :  C . V .  Mosby Co . ,  1966) , p .  340. 
Blood pH is defined as "the. symbol commonly used in expressing 
hydrogen ion concentration ,  the measure of alkalinity and acidity. It 
3 
signifies the logarithm of the. reciprocal of the hydrogen ion concentra-
tion in gram molecules per liter of solution . The neutral pH point is 
· 1 . 0 0 ,  above 7 . 00 alkalinity increases , below 7 . 00 acidity increases.115 
Guyton describes pH as "the symbol used for expressing the hydro-
gen ion concentration of the body fluids ." A low pH corresponds to a high 
hydrogen ion concentration. The normal pH of arterial blood is 7 . 40 while 
the pH of venous blood is 7 . 35 .  Whenever the pH falls below these val11e s ,  
a person is considered to have acidosis ,  and is considered t o  have �lka­
losis when it rises above these values . 6 
In a text by Ricci , pH is described as a measure of the alk&linity 
(basicity) or acidity of a solution which is expressed in terms of the 
negative logarithm of the hydrogen ion concentration. Acid-base balance 
also may be expressed as pOH, the negative logarithm of the hydroxide ion 
concentration. 
pH = - log (H+) 
.or 
pH = log 1 
-=-(H-+�)-
In other words, pH is expressed as the negative power to which 
�he common logarithm of a number must be raised in order to equal the 
hyd�ogen ion concentration : 7 
5norland's Illustrated Medical Dictionary, ( 23rd ed . ;  Philadelphia, 
London: w. B .  Saunders Co . ,  1957 ) ,  p .  1031. 
6 Arthur C .  Guyton, Textbook of Medical Physiology, (Philadelphia : 
W .  B .  Saunders Co . ,  1971) , p .  427.  
7Benjamin Ricci , Physiological Basis of Human Performance, (Phila­
delphia : Lea and Feibiger Co . ,  1963 ) ,  p .  270 . 
(H+) = 10-pH 
Table 1 
Three Methods of ·Expressing Hydrogen Ion Concentration and pH Values 
of a Solution 
As negative 
eicporient 
Strength In decimal form (gm/L . )  pH value 
0 . 1  16-1 1 
0 . 01 10-2 2 
Strong acid 
Acid 0 . 001 10-3 3 
0 . 0001 10-4 4 
0 . 00001 10-5 5 
0 . 000001 10-6 6 
0 . 0000001 10-1 7 Neutral 
0 . 00000001 10-9 8 
0 . 000000001 10-9 9 
0 . 0000000001 10-10 10 
0 . 00000000001 10-11 11 
0 . 000000000001 10-12 12 
Alkaline (base) 
0 . 0000000000001 10-13 13 
Strong base 0 . 00000000000001 10-14 14 
In a text by Morehouse and Miller, it is stated that the hydrog�n 
ion concentration (pH) of the blcod is us�ally about 7 . 40 with a normal 
8 range of 7 . 40'to 7 . 60 and an extreme range of 6 . 80 to 7 . 8 0 .  
Definitions 
To prevent misinterpretation of facts and promote a better under-
standing , the investigator felt the following terms should be defined: 
1.  Acid-base balance - The relative proportions of a�ids and 
alkali (H+ and OH ions) in the blood and tissues . 
2 .  Acidosis - A shift of the acid-base balance to the acid side. 
The acidosis is real when the acidity of the blood or tissues 
is increased (pH lowered); the acidosis is latent if the a�eunt 
of buffer alkali is diminished without a change in the pH. 
8taurance E. Morehouse and Augustus T. Miller, Physiology of Exer­
cise , (St . Louis : C .  V .  Mosby Co .,  1963), p .  270 . 
9Ibid . ' p .  295. 
Summary 
5 
3 .  Alkalosis - A shift of the acid-base balance toward the alka­
line side . 
4 .  Buffer - Any substance or combination of substances which when 
dissolved in water , produces a solution which resists a change 
·in its hydrogen ion concentration upon the addition of acid or 
alkali . 11 
5 .  Calomel - Mercurous chloride, a white tasteless, insoluable 
powder; antisyphilitic, alterant and purgative. 
6. Heparinize - To treat with heparin in order to delay the clot­
ting of blood . 
7 .  Heparin - A mixture of active principles capable of prolonging 
the clotting time of blood in man or other animals , derived 
from the livers or lungs of domestic animals used for food by 
man. 12 
. 
8 .  Lancet - A small pointed and two edged surgical knife used to 
perform finger tip punctures for the purpose of micro blood 
analysis. 
The purpose of the st�dy was to investigate t�e changes associated 
with blood pH and different exercise work loads during competition . Sev-
eral studies have been completed under laboratory conditions , creating a 
need for a study performed during a competitive situation. A number of 
noted authorities have presented the range of "normal" blood pH values , 
however , the investigator found these individuals disagreeing as to the 
specific value that can be designated as "normal . "  pH is the symbol com-
monly used to refer to the hydrogen' ion concentration of blood and other 
fluids. Literature related to exercise and its effect upon blood pH is 
presented in the following c�apter . 
11c .  Frank Consolazio et a l ,  Physiological Measurements of Meta­
bolic Functions in Man, (New York , Toronto,  London : McGraw-Hill Book 
Co . ,  1963) , p .  !84 . 
120 . 607 p . cit . , p  • .  
CHAPTER II 
REVIEW OF RELATED LITERATURE 
Preliminary Statement 
Many studies have been conducted measuring blood pH and its rela-
tion to exercise . The investigators have employed various methods during 
different types of exercise . In addition , the chronological age , degrees 
of training, and athletic ability of subjects have been considered as 
important variables. The following studies are presented according to 
the methodology used . 
Bicycle Ergometer Studies 
Bock et al investigated blood pH and its relationship to physical 
fitness. The study involved four men; a marathon runner , an untrained 
novice , and two men in good physical condition. Pedaling a bicycle er-
gometer for 15 minutes , the better fit men had a smaller increase in the 
acidity of the blood while the untrained individual produced much lower 
pH levels . 1 
Using 12  subjects, six male and six female , DeLanne et 11 inves-
tigated the effect of three different climatic conditions upon the blood 
pH. The subjects pedaled a bicycle ergometer for 30 minutes at a submax-
mal work load followed by a sprint of maximum work in a normal environment , 
subtropical environment , and in a desert type environment . Blood samples 
1 A .  V. Bock et al , "Studies in Muscular Activity, III. Dynamical 
Changes Occuring in Man at Work ,"  Journal of Applied Physiology , LXVI, 
( 1 928 ) ,  pp . 136-61 . 
6 
7 
were taken ten minutes before exercise , five minutes after the exercise 
_had begun, during the 29th and 30th minutes of the submaximal work, five 
minutes after maximal work and 60 minutes after work had stopped. 
The invest_igators concluded the pH of the blood is related to 
the intensity and duration of the work effort and the temperature of the 
environment. It was also concluded that a direct measurement of pH is a 
better index of the fluctuations in the acid-base balance than calculated 
pH . 2 
In a study by Homgren and Mcilroy it was concluded that the great-
est pH falls occur at the highest work loads and correction for tem!'era-
... 
ture exaggerated the fall in pH . Using ten healthy male subjects, the 
tests were conducted as the subjects pedaled at increasing loads on an 
electrically braked e_rgometer without rest between load changes . Arterial 
blood samples were col+ected in heparinized syringes from a polyethylene 
catheter in the brachial artery . The investigators also concluded that 
the pH ch�nges were insufficient �o explain the increase in ventilation 
seen duri.ng such an exercise test. 
3 
Wasserman conducted a study using ten medical students exercis�ng 
on a Lanooy Cycle Ergometer . Arterial blood was sampled through a poly-
ethylene catheter inserted percutaneously into a brachial artery under 
local anesthesia. For the study three work rates were selected and at the 
time of oxygen consumption measurements , arterial blood was drawn for.a 
determination of pH, Paco2 bica�bonate, Pa02, and lactate concentrations. 
2R .  DeLanne et al, "Changes in Acid-base Balance and Blood Gases 
During Muscular Activity and Recovery," Journal of Applied Physiology, 
( May, 1959), pp . 328-3 2 .  
3Alf Holmgren and Malcolm B .  Mcilroy, "Effect of Temperature on 
Arterial Blood Gas Tensions and pH During Exercise," Journal of Applied 
Physiology, Vol. 19, ( March, 1964), pp . 243-4 5 .  
8 
The results of the study indicated the respiratory system does a 
remarkable job in handling the large acid load iri the form of co2 during 
moderate exercise . The respiratory system did not function more than or 
less than was required to keep the pH within the normal range . The sub-
jects could only partially compensate for the metabolic acidosis of very 
heavy exercise . The amount of ventilation required for compiete compen-
sation in most of the subjects would have been in excess of their maximum 
breathing capacities . The lowest pH recorded occurred during the ve�y 
intense work load , while moderate and heavy work loads did not lower the 
pH substantially .4 
Doll et al conducted a.study involving 14 healthy male students 
lying in a supine position and pedaling an Elema-Schoenander bicycl� er-
gometer . Starting with a work load of 50 watts,  the load was increased 
by levels of 50 watts until the maximal work load of 200 watts was reached: 
Blood samples were taken from the brachial artery and femoral vein during 
the sixth minute of each level of work load ( watt level) and in the thir d ,  
15th and 30th minute during recovery. Initial samples were taken immedi-
ately before the beginning of the ergometric work.  
The arterial pH levels (pHa) ranged f�om 7 . 414 in a resting state 
to 7 . 312 during maximal ergometric work ( 200 watts) . The lowest pHa did 
not appear until the third minute of the recovery period when a pH of 
7 . 215 was recorded . 
Venous pH values ranged from 7 . 414 in a resting state to 7 . 071 
during maximal ergometric work . By the third minute of recovery, venous 
4 K. Wasserman , "Lactate and Related Acid-base and Blood Gas Changes 
During Constant Load and Graded Exercise ," The Canadian Medical Association 
Journal,  Vol. 96 , ( March 2 5 ,  1967) , pp. 775- 7 9 .  
9 
blood 'indicated a significant increase in pH ( 7 . 215 mean) as compared to 
a·decrease of the pHa . All changes of the pH were statistically signifi-
5 cant (P  0 . 05) . 
I 
Using three well trained physical education students , Cruz et al , 
conducted a study on blood pH as the subjects pedaled a bicycle ergometer 
in a sitting position. The subjects were studied at rest and during four 
levels of exercise including a maximum work load. A venous blood sample 
was taken from an anticubital vein before and after exercise . The time 
at which the samples were collected was not mentioned. The maximum work 
load produced pH levels of 7 . 245 , 7 . 245 , and 7 . 244. It was concluded the 
change in hydrogen ion concentration is correlated with .the sev.erity of 
. 6 exercise. 
Treadmill Studies 
A world record holder in the mile run demonstrated the ability to 
significantly lower his pH level during .exhaustive exercise . Performing 
on a treadmill during a standardized test at ten miles per hour and a 8 . 6  
per cent grade , he finished with a pH of 6 . 90 ,  the venous blood from the 
cubital vein of his arm changing over to an acid reaction. Cureton states 
that very few athletes, even among superior runners , have will power 
enough to drive themselves until the blood becomes acid in reaction. 7 
5E .  Doll, J ·• Keul , and C .  Marieald , "Oxygen Tension and Acid-b'ase 
Equilibrium in Venous Blood of Working Muscles ," American Journal of Physi­
ology , Vol . 215 , (July , 1968·), pp . 23-27 . 
6J. C .  Cruz , H .  Rahn , and L .  E .  Farki , "Mixed Venous Po2 , Pco2, 
pH and Cardiac Output During Exercise in Trained Subjects ," Journal of 
Applied Physiology , Vol. 27 , (September , 1969 ) , pp . 431-34. 
7Thomas K. Cureton , Jr . ,  Physical Fitness of Champion Athletes , 
(Urbana: The University of Illinois Press , 1951) , pp . 82-83 . 
10 
Heusner and Bernauer conducted a study using 34 male subjects be-
tween the ages of 18 and 35 years of age including a wide variation in 
levels of physical condition. After resting for 30 minutes , a pre-exercise 
blood sample was taken from an anticubital vein and its pH determined .  
The subject ran to exhaustion on the treadmill at ten miles per hour and 
a 8 . 6  per cent grade . After a standard interval of one minute following 
the completion of the run, a post-exercise blood sample was drawn from 
the other arm and its pH determined. In this study all pH determinations 
were made one minute after the blood was drawn (two minutes after comple-
tion of the run in the case of the po�t-exercise samples) . 
'fhe result� obtained verified earlier reports that a drop in pH 
occurs during exercise . It was stated that the drop in pH does not reflect 
the intensity of work in a group of individuals due to normal variations 
in the level of stress among different individuals performi�g any given 
activity . pH reactions correlate quite well with the duration of severe 
exercise in a single subject. The results of the study led the investi-
gators �o conclude that physical training programs increase individual 
tolerance for stress . It was found that trained athletes are able to per-
form a given task at a lower level of stress �higher pH) in an exhaustive 
exercise. 8 
In 1963, Bernauer completed a study involving blood pH before 
and after exercise during five different thermal enviro�ments .  Seven 
subjects were tested , with their running abilities ranging from an Olympic 
qualifier to a college varsity letter winner in track . All of the subjects 
8william W. Heusner and Edmund M .  Be�nauer , "Relationship Between 
Level of Physical Condition and pH of Antecubital Venous Blood , "  Journal 
of Applied Physiology , Vol. 9 ,  ( September , 1956), pp . 171-75 . 
performed during a standardized treadmill run. 
The pH values at rest revealed a progressive rise as the temper-
ature increased. Slight but progressive alkalosis , with the pH values 
I 
of the subjects ranging from 7 . 31 to 7 . 40 ,  was obvious at 90 degrees 
farhenheit . The variations in the pH drops between rest and post-run 
values were not statistically significant at any of the different thermal 
environments . 9 
Miscellaneous Studies 
Holl0 et al reported on observations made during a study involving 
pH of arterial and venous blood before and during stasis and local exer-
" 
cise . St:asis produced practically no changes while the local exercise 
caused a lowering of the pH.10 
In 1930 , Salvesen conducted a study investigating acidosis pro-
duced in runners by 100 meter , 400 meter , 1500 meter and 10 , 000 meter 
runs . The results of the study indicated that acidosis is more pronounced 
after the 1500 meter run where the lowering of the alkali reserve may 
amount to. 30 volume per cent. There was no relationship between the 
degree of acidosis and previous training or time used by the run. Only 
a small part of this acid was excreted in the urine after the run. The 
investigator also concluded that the kidneys seem to fail entirely as a 
neutrality regulator during acidosis after ruhning . 11 
�Edmund M .  Bernauer , "Endurance Performances and Related Physi­
ological Responses Under Selected Thermal Environments , "  ( unpublished 
Doctor's dissertatio n ,  University of Illinois, 1963). 
10J .  Hollo , K. v. Sailer , and St. Wies , "Reaction of Blood During 
Circulation , "  Biological Abstracts ,  Vol. 2, (June-August , 1928), Entry 
9808 , p .  904 . 
11Harold A .  Salvesen , "Studies on the Acidosis of Young Athletes 
After Running Over Various Distances ," Biological Abstracts , ( March, 1930) , 
Entry 8011 , p .  759 . 
12 
Dill et al studied the blood of a normal man from a physiochem-
ical aspect while the subject worked at a steady rate and compared the 
blood of the same subject at rest . The concentrations of lactic acid in 
whole blood is markedly increased during work . The factor "r", repre-
sent�ng the ratio of the pH of the serum to the pH of the cells , indi­
cates a decrease in this figure during work . 1 2  
Dautrebrande reviewed the methods of blood flow and cardiac out-
put measurements for the studying the blood acid-base equilibrium in con-
ditions of slowed circulation. It was discovered that the alkaline re-
serves are increased in the venous blood and its pH is shifted to about 
" 
7 . 2 5  in slowed blood flow of pathological conditions ( emphysema) and by 
those experimentally evoked ( cold pack) . Conversely as a result of 
hyper-ventilation , alkalosis is found in the arterial blood . 13 
In other work completed by Cureton on an outstanding middle dis-
tance swimmer, the ability of an individual to drive his pH to a signifi-
cantly low level was again demonstrated . The pH of his blood was 7. 32 
when tested in a quiet state . About one minute after an exhaustive 100 
yard swim , the pH dropped to 6 . 81 uncorrected in temperature . When cor­
rected to 37 degrees centigrade , the pH was 6 . 74 ,  the ·lowest ever recorded 
in eureton' s laboratory and so fa1· as was known to Cureton, the lowest in 
the entire literature . 14 
12D .  B .  Dill et al , "The Composition and Respiratory Exchanges of 
Normal Human Blood During Work ,"  Biological Abstracts , (July-August , 1929) , 
Entry 12385 , p .  1169 . 
13Lucien Dautrebrande , "Physiological Pathology of Lowered Circu­
lation Resulting From Diminished Hear::: Output , "  Biological Abstracts, 
( March , 1930) , Entry 8051, p .  763 . 
14op. Cit . , p .  44. 
13 
In reviewing the study conducted by Bock et al , Karpovich states 
that the pH leveis of the subjects tested served as an index of their phy-
sical fitness. In normal resting individuals the chemical reaction of 
the arterial and venous blood are almost identical. The blood has a slightly 
alkaline reaction which may be a little greater in the arteries . During 
exercise the blood becomes more acid , 7 . 05.  By deep and rapid breathin g ,  
i t  i s  possible t o  "blow off" some of the carbon dioxide from the blood 
and cause a shift of reaction to alkalinity (pH 7 . 85) .15 
Stacy and Santolucito state that when exhaustion does occur and 
exercise is terminated, an inadequate supply of oxygen may be one of the 
reasons. In connection with this condition it has been noted that at 
the point of exhaustion , the lactic acid content of the blood is quite 
high and the hydrogen ion concentration is high (low pH). 16 
Summary 
A number of investigators have conducted research projects con-
cerning exercise and its effect upon blood pH . Various procedures were 
utilized in laboratory conditions . The writer could find very little 
literature pertaining to blood pH changes during actual or as the result 
of athletic competition. However , from the literature cited, there seems 
to be a general agreement that a change in the acid-base bal3nce ( pH) 
does occur during work. Additional investigation of exercise and blood 
' 
pH is needed under competitive conditions to determine the limitations 
brought ahout by changes in the acid-base equilibrium of the body. 
1 5Peter V .  Karpovich , Physiology of Muscular Activity (4th ed . ;  
Philadelphia : W. B .  Saunders C o . ,  1953 ) , pp . 137-41. 
16Ralph W. Stacy and John A .  Santolucito , Modern College Physi­
ology (S�. Louis: C .  V .  Mosby Co . ,  1966) , p .  364. 
CHAPTER III 
METHODOLOGY 
Preliminary Statement 
The description of the subjects ,  the instruments used in testing, 
and the methods of testing used to obtain the data are included in this 
chapter. 
SubjP.cts 
For the study , 33 male subjects were chosen on the basis of the 
events iu which they competed. All of the subjects were from the Eastern 
Illinois University swimming and track teams . The approval of a physi­
cian was not required for participation in the study since all were highly 
trained athletes and a physical exam was required prior to the�r partici­
pation in that sport . 
Swimming Team 
The 16 subjects ranged in age from 18 to 23 years with a mean of 
19 years and three months . Their body weight ranged from 63 . 64 kilograms 
to e9.18 ki�ograms with a mean of 75 . 14 kilograms .  The mean height of 
the subjects was 180 . 7 1  centimeters . The amount of collegiate swimming 
experience varied from one year to four years with 1 . 9  being the mean • .  
The subjects participated in the 100, 200 , 500, and 1000 yard free style 
events . The swimming subjects consisted of seven NAIA All-Americans , 
six varsity letter winners and three well conditioned non letter winners. 
Five of the su�jects hold school varsity records.  
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Track Team 
The subjects ranged in age from 18 to 21 years with the mean 
being 18 years and 11 months. The mean height was 179 . 3  centimeters and 
the mean body weight was 67 . 64 kilograms. The amount of collegiate track 
experience ranged from one year to four years with the mean of 1 . 7  years . 
The subjects participated in the running events of 440 and 880 yards; one 
and two miles . Seventeen individuals were tested; seven varsity letter 
winners in cross-country , four letter Wibneros in track , two letter winners 
in cross-country and track, two non-varsity award winners and two subjects 
did not receive any awards . Three su1jects are holders of school records 
' and of these one was NAIA All-American ( Indoor) . All of the subjects 
were considered to be the better athletes in their respective events by 
their coach . 
Testing Procedures 
Each subject was tested three times . The swimmers were tested 
two times under competitive conditions and one time during a vigorous 
practice session. Five track subjects were tested twice during competi-
tion and one time during practice. All other track subjects were tested 
under competitive conditions. A micro blood sample ( 1  milliliter) was 
taken from each subject prior to exercise ( pre-x) and within seven and a 
half minutes following exercise (post-x) . In addition to the samples , 
the body weight , height , dietary information, collegiate exp'erience ,  and 
age of each subject was obtained (see Appendix E) . All finger punctures 
were performed with a finger lancet and after the finger had been pro-
perly cleansed with an alcohol solution. The post-x sample was taken 
between two minutes and 55 seconds and seven minutes and 24 seconds after 
cessation of the activity . The investigator closely followed an established 
16 
cliecklist to insure correct testing procedures (see Appendix F) • .  
·Pre-exercise Procedures 
The pre-exercise information was obtained approximately 75 minutes 
before the start of each meet or practice session . The initial pre-exercise 
test was administered in the training room of Lantz Gymnasium with all 
thereafter taken at the site of the meet.  As each subject entered the 
testing site, he was assigned an identification number which was placed 
in the upper right corner of the information sheet . The laboratory assis-
tant instructed each subject in the correct methods of filling out the 
required information. Wearing only an athletic supporter, each subject 
was weighed to the nearest one-quarter pound by a calibrated Health�meter 
scale:. Their heigbt , to the nearest one-half centimeter , was then taken 
as the subject stood with his back to a wall in front of the centimeter 
tape. The pre-x finger puncture was performed immediately after the finger 
had been cleansed and dried . The blood sample was drawn into a heparinized 
capillary tube and each end was then filled with a wax sealer. A small 
metal insert , to be used for mixing purposes, was placed inside each 9apil-
lary tube prior to its being sealed . The tube was placed in a plastic 
drinking-straw bearing the corresponding number originally assigned to the 
subject. This was done to insure proper identification of each blood sample . 
One end of the drinking str.aw was completely taped while a small opening 
was left at the opposite end . To prevent coagulation, the sample was 
immediately placed in a container of ice slush until analyzed. The time 
of each pre-x puncture was recorded . 
Post-exercise Procedures 
The instant each subject finished his event, a clock was stRrted 
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and .as had been previously arranged, the subject reported to the testing 
site. Arriving at the testing site, the subject would tell a laboratory 
assistant his number and the correct information sheet would be obtained . 
The testing ·site for the swimming meets was located in the southeast cor­
ner on the pool deck, behind the retaining wall . For the track meets, 
the testing site was located in the northeast corner of the fieldhouse 
under the balcony . 
As the laboratory assistant watched the clock,  the finger to be 
punctured was cleansed and dried . The investigator was informed of the 
time and the first finger puncture was performed at two minutes and 55 
seconds after the completion of the event . The sample was drawn into a 
heparini=ed capillary tube and the same procedures were followed as in 
the pre-x test . The elapsed time between the completion of exercise and 
the finger puncture was recorded. 
Analyzing the Samples 
The samples were analyzed in the Physical Education Research Lab­
oratory at Eastern Illinois University· with a Micro Blood pH Unit made 
by Radiometer.of Copenhagen, Denmark . The machine was calibrated with 
standardized buffer s.olutions having known p�'s of 6 . 84 and 7 . 38 at 38 
degLees centigrade after the unit had been turned on for at least one 
hour. The buffer solution was drawn through the glass electrode with a 
suction pump prior to testing the blood samples . The electrode was tnor­
oughly flushed with di-ionized water and dried prior to testing the blocJ 
samples.  
The blood sample was mixed using the metal insert inside the cap­
illary tube and a small magnet . Both ends of the capillary tube were 
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sawed off with a small glass saw and the metal insert was removed by using 
the magnet . The blood was drawn into the electrode in a continuous unbro-
ken flow (free of any air bubbles) . The plastic polyethylene tip on the 
end of the electrode was then placed into the calomel solution (KC1) and 
the alkalinity or acidity of the blood was then registered on the pH meter , 
using the measuring range of 6 . 8  to 8 . 2 .  The reading was immediately 
recorded when the needle stopped moving and the glass electrode, after 
being removed from the KC1 solution, was thoroughly flushed with a weak 
buffer solution and di-ionized water . The calibration of the pH unit was 
checked , using the standardized buffer solutions , after every t1ree blood 
. 
sample s .  The calomel solution was changed when the investigator felt the 
need as determined by the regular calibration checks . 
Summary 
Thirty-three subjects , 16 swimmers and 17 track runners , were 
used in the study, The blood pH of each individual was tested before and 
after exercise on three different occasion s .  The procedures used t o  ob-
tain the data have been discussed in this chapter . The blood samples were 
analyzed with the Micro Blood pH Unit made by Radiometer· of Copenhagen, 
Denmark. All testing was conducted in Lantz Gymnasium at Eastern Illinois 
University . The analysis of the recorded data is presented in the fol-
lowing chapter . 
CHAPTER IV 
ANALYSIS OF DATA 
Preliminary Statement 
Thirty-three male subjects , swimmers and track runners , were stud-
ied to determine the statistical significance , if any, between blood pH 
changes and different exercise work . loads during competition. Each sub-
ject was tesT.ed on three different occasions . The pre and post exercise 
pH V?lues , the pH changes, the event , and duration of the activity were 
the para�eters considered. All of the above information was recorded for 
statistical treatment . , 
Data Conversion 
The data for the duration of the activity were converted to minutes 
and parts of a minute in order to be computer analyzed . The body weight 
scores were converted to kilograms and the height of each subject was ini-
tially meas11red in centimeters for the study . 
Statistical Treatment 
The t test for determining the significance of the difference 
between the means of small uncorrelated samples was used in analyzing 
the collected data. The student ! computer program , developed by DiPietro 
enabled the investigator to more effectively analyze the data. 1 
1A .  J .  DiPietro and R.  J .  LeDuc , "Student t-Scores for Means 
( Cards) Between Groups ," (Charleston: Eastern Illinois University , May, 
1964). 
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In determining.the degrees of freedo m ,  the following formula was 
used: 
The . 05 level of confidence was chosen to denote statistical significance 
for this study . 
The data was punched on cards and the Model 50 , IBM 360 computer 
calculated the t ratios and correlation coefficients within and between 
all swimming and track events. 
Findings 
The findings of the study nave been subdivided according to the 
categories in which the data was analy�ed . In addition to post-� pH anal-
ysis, the magnitude of the change ( Pre-x and Post-x) was also investigated . 
Swimming 
The pre-x and post-x findings are depicted in Figure 1 .  The figure 
reveals the pre-x pH values to be within· the "normal" range . The mean· 
post-x pH values were lower following events of short duration and high 
intensity . 
The !_ratios between the post-x pH values of each event were com-
puted . No statistical difference was noted between the post-x pH values 
of the 100 yard and 200 yard freestyle events or between the 500 and 1000 
yard freestyle events. A significant difference was found with all other 
comparisons . (see Table I) . 
Figui·e 2 presents the pH changes that occurred between the pre-x 
and post-x values . Consistent with previously stated results , the greatest 
2George A .  Ferguson , Statistical Analysis in Psychology and Edu­
cation (2d ed . ;  New York: McGraw-Hill Co . ,  1966 ), pp. 167-68. 
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TABLE I 
t RATIOS BETWEEN SWIMMING AND T�CK 
Swimming 
200 500 1000 
. 104 3 . 18l': 2 .  30lh'¢ 
3 . 29* 2 . 40id: 
. 104 . 651 
Track 
880 Mile Two Mile 
. 767 1 . 46 4 .  56'': 
1 .  99id': 4 .  70'': 
1 .  99,':i: 3 .13'': 
Track 
880 Mile Two Mile 
2 . 60M: 
6 .  29it 
2 . 93* 
** Denot�s significance at . 0 5  level of confidence 
� Denotes significance at . 01 level of confidence 
.22 
Amount of ch�nge 
.135 
.l.50 
.165 
�180 
.19.5 
.210 
.225 
.240 
.2.55 
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pH changes were found in the events of short duration and high intensit y .  
Intra-swimming .! ratios were statsitically significant a t  the 
I 
.01 level of confidence for all the comparisons except between the 
1-00 and 200 yard freestyle and between the 500 and 1000 yard freestyle 
events. (see Table II). The events that were similar in structure , 
duration and intensity , did not produce any significant difference be-
tween them. 
Track 
The mean pre-x pH values r�nged between 7.31 and 7.35 and all 
were considered "normal ." The lowest maan pH value , 6 . 96, occurred 
after the 880 yard run. The t ratios computed for the intra-compari-
sons are shown in Table I .  N o  significant difference was found between 
the 440 and 880 yard runs or between the 4�0 yard run and the mile run , 
however ,  a significant difference at the .OS level of confidence was 
found when comparing the 880 yard run and the one mile run. 
The greatest pH changes occurred during the shorter events. 
Figure 2 illustrates the changes that took place. Although the pre-x 
values were �ot statistically analyzed, it is apparent . from Figure 1 
that little variabi+ity exists . The greatest amount of pH change and 
lowest post-x pH data was found following the 880 yard run . The t 
ratios for the· intra-comparisons are revealed in Table I I .  Statisti-
cally significant differences remained consistent with the post-x pH 
values . 
Swimming and Track 
The!_ ratios, for the post-x pH values and pH changes, of events 
comparable in duration have been computed . The events compared ,  the 100 
" 
yard freestyle and the 440 yard run, the 200 yard freestyle and the 880 
TABLE II 
INTER AND INTRA pH CHANGE t RATIOS BETWEEN SWIMMING AND TRACK 
Swimming 
100 200. 500 1000 
100 .353 3. 221't 2. soi: 
Swinuni.ng 200 .353 2. goi: 3.29* 
500 3. 22i: 2. goi: .130 
Track 
440 880 Mile Two Mile 
440 1.33 1.02 3. 99i: 
Track 880 2. 2QM: 
Mile 1.02 3. 27'" 
Track 
440 880 Mile Two Mil� 
100 2. 03i:a': 
200 1. 79M: 
Swinuning 
500 5.81* 
1000 2.47-M: 
**Denotes significance at .05 level of confidence 
*Denotes significance at .01 level of confidence 
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yard run, the 500 yard freestyle and the one mile run and the 1000 yard 
freestyle and the two mi�e run , were similar not only in duration but 
also intensity. The findings are revealed in Table I .  In all instances 
' 
statistical significance was found.  The t ratios for the comparisons 
between the 100 yard swim and the 440 yard run and the 200 yard swim and 
880 yard run were significant at the .05 level of confidence. All other 
t ratios were statistically significant at the .01 level of confi-
dence . 
Figure 2 also reveals that the comparable track events all pro-
duced greater pH changes than did the swimming events. The pH changes 
were consistent with the post-x pH values . A significant difference was 
noted in all instances as shown in Table II.  The t:·ratios from the com-
parison of the 500 yard swim and the one mile run was 5.81 , the only !. 
ratio significant at the .01 level of confidence . 
Practice Results in Swimming and Track 
The t ratios for post-x pH values and pH changes between practice 
and competition were computed. In swimming , there was no significant diff-
erence between the practice post-x pH values and those during competition, 
however, the .competitive pH changes were significantly greater than the 
practice pH changes . In track , competftion produced significantly greater 
pH changes and significantly lower post-x pH values than did practice . 
Intercorrelations 
Many additional analysis were made within each acti�ity. The 
BMDD03D , Biomedical Computer Program was used to compute the correlation 
coefficients. 3 
3w .  J .  Dixon (ed. ) ,  "Correlatiop with Item Deletion , BMDD03D , "  
Biomedical Computer Program, ( Berkeley : University of California Press, 
�970), p.  �60. 
TABLE III 
POST-X pH AND pH CHANGE t RATIOS BETWEEN PRACTICE AND COM�ETITION 
Swimming 
Parameters 
Practice Post-x pH - Competitive Post-x pH 
Practice pH change - Competitive pH change 
Track 
Parameters 
Practice Post-x pH - Competitive Post-x pH 
Practice pH change - Competitive pH change 
*Denotes significance at . 01 level of confidence 
t Rativ 
1 . 69 
2 . 56* 
t Ratio 
4 . 1 9it 
3 .  59it 
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Swiuuning Inter-relationships 
Several interesting relationships existed within the swimming 
events.  Table IV shows the correlation coefficients for some of the more 
interesti�g variables. The relationship between the duration of the event 
and post-x pH value was relatively low, . 375 and not statistically signi­
ficant for the study. Appendixes A and B reveal the relationships of the 
pH changes and the post-x pH values . 
Track Inter-relationships 
The correlation coefficients and variables of concern in the 
track events are also presented in Table lV. Significant relationships , 
for the study were found to exist between several of the variables .  Both 
the post-x pH value and pH change produced significant relationships at 
. 01 level of confidence when correlated with the duration of the activity. 
(see Appendixes C and D) . 
Discussion of Findings= 
It was the purpose of the study to inves�igate the changes associ­
ated with blood pH and different exercise work loads during competition. 
When considering pH changes that to0k place in swimming and track events 
of comparable duration and intensity , one might surmize that the track 
subjects hay have been under greater stress during competition than the 
swimmers , as evidenced by the lower mean post-x pH values and the greater 
pH changes. The post-x pH values and pH changes obtained after the vigor­
ous practice session indicate that the subjects were not under as much 
stress as they were during competition. A significant difference was evi­
dent in both swimming and track . 
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TABLE IV 
CORRELATION COEFFICIENTS OF SWIMMING AND TRACK 
Swinuning 
Variables Correlation Coefficients 
Post-x pH - Duration of Activity 
pH Change - Duration of Activity 
pH Change - Type of Event 
Post-x pH - Type of Event 
pH Change - Body Surf ace Area 
Post-x pH - Body Surf act Area 
Body ' Surface Area - Duration of Event 
Track 
.375 
- . 437id: 
- . 422 
. 387 
- . 004 
- . 075 
. 115 
Variables Correlation Coefficients 
Weight - pH Change 
Weight - Post-x pH 
Weight - Duration of Event 
Weight - Type of Event 
pH Change - Type of Event 
Post-x pH - Type of Event 
pH Change - Duration of Activity 
Post-x pH - Duration of Activity 
Years of Experience - pH Change 
�* Denotes significance at . O S  level of confidence 
* Denotes significance at . 01 level of confidence 
.171 
- . 259 
- . 427** 
- .441id: 
- • 760�': 
• 744'/c 
- • 762'': 
. 744* 
- . 180 
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In this study, capillary blood samples were obtained using the 
finger puncture technique and analyzed with the Radiometer Micro Blood 
p� Unit . Using standardized buffer solutions, having known pH values , 
the unit was calibrated after every three blood samples to insure valid 
results. Yet , when referring to the results obtained from earlier studies, 
performed under laboratory conditions, the pH values obtained during this 
study appear to be quite low. None of the laboratory studies consistently 
produced pH values below 7 . 00 while this study , performed under a competi­
tive situation, produced several pH values below 7 . 0 0 .  
It must be noted that the pH values probably did not remain be­
low 7 . 00 for any great length of time . The buffer system of the body be­
gins to react immediately to the acidosis condition . The competitive 
setting itself may have been a contributing factor since competition has 
been found to affect the individual during the period of effort and in 
the restorative period after its termination . 4 
To further attempt to understand the extremely low post-x pH 
values one must recognize that this study involved highly trained sub­
jects who wepe capable of withstanding a highly stressful situation where 
an ordinary person would have stopped. Heusner and Bernauer have shown 
that physical training programs increase individual tolerance for stress. 5 
It may be more important to note the pH cha.nge rather than the 
absolute post-x pH value . 
4op. Cit . ,  pp. 282- 8 3 .  
51oc. Cit . ,  pp . 171-75. 
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Sununary 
The findings from 33 male subjects , �6 swimmers and 17 track 
runners supports earlier reports that a decrease in blood pH values does 
occur after exercise. The lower mean post-x pH values and mean pH changes 
occurred after the events of short duration and high intensity. The re­
sults obtained would tend to indicate a higher level of stress ( lower 
post-x pH value and greater pH change) is achieved in track rather than 
in swimming. Several post-x pH values below 7 . 00 were found following 
competitive swimming and track events .  
CHAPTER V 
SUMMARY , CONCLUSIONS , RECOMMENDATIONS 
Summary 
It was the purpose of the study to investigate the changes asso-
ciated with blood pH after different exercise work loads during cornpeti-
tion. The parameters taken into consideration were the pre-exercise blood 
pH value , post-exercise blood pH value , total pH change , duration of the 
activity , and the type of activity . 
� 
For the study , 33 male subjects , 16 swimmers and 17 track ru�ners , 
from the Eastern Illinois University varsity teams , were tested . The 
subjects were chosen on the basis of the events in which they participated. 
The swimming subjects competed in the 1 0 0 ,  200 , 5 0 0 ,  and 1000 yard �ee-
style events while the track subjects competed in the 440 and 880 yard 
runs and the one and two mile runs . Each subject was tested on three 
different occasions . The subjects competed in their specialities and 
did not participate in all events . The swimming subjects consisted of 
seven NAIA All-Americans ,  six varsity letter winners and three well condi-
tioned non letter winners . The track subjects consisted of seven varsity 
letter winners in cross-country , four varsity letter winners in track , 
two varsity letter winners in cross-country and track,  two non-varsity· 
award winners and two subjects did not receive any awards. Three of the 
subjects were school record holders and one was NAIA All-American ( Indoor ) . 
All of the swimming subjects were tested twice during competition nnd one 
time during a vigorous practice session while only five of the track subjects 
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were tested following two competitions and one vigorous practice. The 
remainder of the track subjects were tested during the competitive set­
ting. 
The finger punctures were performed and the blood samples taken 
between three minutes and seven and one half minutes after cessation of 
the activity . The blood samples were analyzed with the · Micro Blood pH 
Unit made by Radiometer of Copenhagen , Denmark . 
A t test was used to determine the significance of the differences 
between the pH means for comparable events of each sport , while also com­
paring the events against one another within that sport . Correlation 
coefficients were computed to determine the inter-relationships existing 
between certain variables of each activity. 
Conclusions 
Based on the findings of the investigation, the following conclu­
sions appear to be warranted: 
1 .  A drastic pH decrease ( increase in acidity) occurs between 
three and seven and one half minutes after cessation of com­
petitive swimming and track event s .  
2 .  The lower mean post-x pH. values and great�r pH .·changes-. .  occurred 
after the events of short duration and high intensity . 
3 .  Considering the comparable events of swimming and track , the 
lower mean post-x pH values and greater pH changes occurred 
during track. 
4 .  Relatively high positive correlations are found between the 
duration of the track event and the post-x values and pH 
changes . 
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Recommendations 
i 
study : 
The following recommendations are presented as a result of the 
1 .  A study should be undertaken investigating the pH values of 
trained subjects during competitio� and the pH values of un-
trained subjects during competition ( intramurals ) .  The study 
could also involve other activities such as wrestling, soccer, 
cross country and basketball. 
2 .  A similar study could be conducted using one group of subj ects 
and investigating the pH values and pH changes obtained in a 
laboratory setting, using mechanical devices , and those obtained 
during a competitive situation . 
3 .  A study should b e  performed investigating the oxygen carrying 
capacity of the red blood cells and blood pH values before 
and after exhaustive exercise to see what relationship, if 
any , exists between these variables . 
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APPENDIX A 
Post-x pH values 
r = . 387 
• •  
7 . 25 • 
• 
7 . 20 • 
• • 
7 . 15 • • • 
• 
• 
7 . 10 • •  
• 
7 . 0 5  • 
7 . 00 • • 
6 . 95 • 
• 
6 . 90 
• 
6 . 85 
100 yds. 200 yds . 500 yds. 1000 yds. 
Event 
RELATIONSHIP OF POST-X pH VALUES TO SWIMMING EVENTS 
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APPENDIX B 
Post-x pH values 
r = . 375 
• • 
7 . 25 • 
• 
7 . 20 • 
• 
7 . 15 • • 
• 
• 
7 . 10 • •• 
• 
7 . 05 • 
• 
• 
7 . 00 
• 
• 
6 . 95 
• 
6 . 90 
6 . 85 
50 100 150 200 250 300 350 400 450 500 550 600 650 700 
Duration of activity in seconds 
RELATIONSHIP OF POST-X pH VALUES TO DURATION OF EVENTS 
IN SWIMMING 
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APPENDIX C 
Post-x pH Values 
r = . 744 
significant at . 0 1  
7 .. 25  
7 . 20 
• 
7 . 15 . • 
• 
7 . 10 
• • 
•• • 
• 
• •  
7 . 05  • • • •  • • 
• • • • 
• •  • • 
7 . 0 0  • • • • 
• • 
•• • • •  6 . 95 • 
• • • • 
6 . 90 • • 
• 
6 . 85 
440 880 Mile 2 Mile 
Event 
RELATIONSHIP OF POST-X pH VALUES TO TRACK EVENT 
Post-x pH Values 
7 . 25 
7 . 20 
7 . 15 
7 . 10 
7 . 0 5  
7 . 00 • 
• 
.. 
6 . 95 
• 
• 
6 . 90 .. 
6 . 85 • 
• 
40 90 
APPENDIX D 
•• 
• • •  
• 
• • 
• 
• 
.. 
• • •• 
•• 
• 
• 
• 
r = . 744 
significant at . 01 
• 
• •
• 
••• • 
•• 
•• 
• 
• 
140 190 240 290 340 390 440 490 540 590 640 
Duration of activity in seconds 
RELATIONSHIP OF POST-X pH VALUES TO DURATION OF ACTIVITY IN TRACK 
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APPENDIX E 
INFORMATION SHEET 
r·1ama .. ______ ......._ 
------- WOO.ght 
:·iater Tem�t\tNl (if applicable) 
Pre-tost Uoo.l -
Has aubjeet been �ting regular dur-ing the melt? 
i.teal tb0 niel1t before the aotiviey o 
13� pll at rest T'lms truccn 
f 12 43 
Date ·-------------
Blood PI follqd!mg gJt�ss Rla��d t.ima aft� �v:lty and 
finger pul'Wture 
s:'1m1UNG 
2.5 yd3 
so yda .... -
75 ye� - - ·-100 ytls 
125 yds 
150 � -175 ,us 
a •• 
200 yds 
225 yds 
·-=--
2.$0 yds -
27.5 1tis 
----
):)0 yds --· -
325 � -
)50 yd9 -· I!-· 'flS �..s -400 �'\is 
425 Jtls __ 
4!/J yt1.s 
,_... 
�7.5 yds 
soo ytb 
S�T rn.ms OF THE E'.JmlT 
S2S yds 
sso yda 
SIS � - -.-6oo yds 
625 Yds 
650 yds 
6?S yds 
700 yda 
?2S yds --
?SO ycts 
7lS ya.s 
80Q yd:3 
825 yds 
850 ydo 
-
87S ya:3 900 yds 
92.5 yd.'.J .. -·· .. 
950 yes . 
975- � --1000 yds 
TRACK 
220 yds -
41aO yc'la -· _ Cone � 
660 yrls - ml.e) 880 yds - {one ha.1.Z mile) 
l.100 !7da -
.. 1320 yes -
1540 yt1s -1760 yds - (one milo) 
l.980 ytl1l -2200 yd.a -
2*20 yds -
264() yd.3 ( CM :::.ntl OJW 
2860 yd9 --· bSl.t l'Z.lcs ) 
'°80 T� --------
3� � -3520 yda - (tu> milua) 
APPENDIX F 
TESTING PROCEDURES 
1 .  Arrive at the testing site approximately three and one half hours 
prior to the start of the contest. 
2 .  Secure the necessary equipment. The equipment needed to conduct the 
test will include : 
ste�ile gauze pads 
alcohol solution 
heparinized capillary tubes 
finger lancets 
four towels 
wax sealer 
two containers of ice slush 
information sheets 
sling sychrometer 
stop watches ( 2 )  
rolli_ng table 
pencils 
Healthometer scale 
centimeter tape 
thermometer in degrees fahrenheit 
three metal folding chairs 
small metal inserts 
clipboards 
plastic drinking straws 
athletic tape 
one large table 
waste can 
3 .  Set up the equipment at the prearranged places , southeast corner of 
the swimming pool behind the retaining wall and in the northeast cor-
ner of the fieldhouse under the balcony . 
4 .  As the sul:>j ects arrive at the testing site , before getting dressed , 
they wi�l fill out the information sheet . At this time each subject 
will be assigned a number. 
5 .  Immediately after getting dressed for the meet , the subject ' s  height 
and weight will be recorded . 
6 .  The pre-exercise finger puncture will b e  performed at this time . 
7 .  The finger will be cleansed with the alcohol solution and properly 
dried before the puncture is made. 
B .  The heparinized capillary tube will be filled with the pre-exercise 
sample. ( 1  milliliter) 
9 .  A small metal insert will be placed in the tube.  
10.  The ' . ; ends of the capilary tube wil� be filled with the wax sealer . ' 
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1 1 .  ;The 
I 
capillary tube will be placed in a plastic drinking straw bearing 
12.  
the corresponding number originally assigned to the subject. 
One end of th� plastic drinking straw will be completely taped while 
t he oppo�ite end will be only partially taped to allow the ice slush 
1to seep into the straw. 
I 
1 3 .  jThe plastic drinking straw will be placed in the container of ice slush . 
14. 1The subject will be given a sterile gauze pad to stop any additional 
I 
blood flowage that may occur . 
1 5 .  The time of the pre-exercise finger puncture will be recorded on the 
information sheet . 
1 6 .  ! The subject will be informed to return to the test�ng site immediately 
· after cessation of his event . 
17 . i The: split times of the event will be recorded onto the information sheet . 
1 8 .  , Immediately after cessation of the activity , the subject will report 
! 
1
to the testing site. ( It may be �uch that the investigator will have 
· to remind the subject to report after his activity . )  
1 9 .  ,The finger will be cleansed with the alcohol solution and dried prop-
erly . 
20.  The post-exercise finger puncture will be performed. 
21.  The heparinized capillary tube will be filled with the post-exerci�e 
sample . · 
22.  The small metal insert will be placed into the capillary tube.  
23.  The ends of the capillary tube will be properly sealed with the wax 
sealer . 
24.  The capillary tube will be placed in a plastic drinking straw bearing 
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the corresponding number originally ass igned the subject . 
25 . One end of the plactic drinking straw will be completely taped while 
the opposite end will be only partially taped to allow the ice slush 
to seep into the straw. 
26.  The plastic drinking straw will be placed in the container of ice 
slush . 
27.  After all of the subjects have been tested, the testing site will be 
cleansed and the equipment taken to the research laboratory . 
Testing the Samples - Calibration of the Micro Blood pH Unit 
1. Turn off the circulatory equipment at least one hour prior to testing 
the samples : A. 
·B .  
c .  
Turn on the heat. 
Turn on the motcr . 
Place heat switch on 1 �  will heat up four times 
faster . 
D .  Check to make sure the red line i s  showing . 
E .  Adjust thermostat to the desired temperature . 
F .  When thermostat reaches the desired temperature ,  
turn heat switch back t o  � .  
2 .  Press button -1- , STAND-BY, on pH meter. Press button -7- , 0-12 reading . 
3 .  Set switch �4� to MAN. Meter light will indicate that power is on. 
4 .  Check thermometer to  see if desired temperature has been reached, if 
not adjust the thermostat . 
5 .  Remove rubber stopper and cap from calomel electrode . Refill if nee-
essapy. 
6 .  Flush the glass electrode with distilled water . 
7 .  Draw into the glass electrode the standardized buffer solution having 
a known pH of 7 . 3 8 ,  return the glass electrode to its holder with the 
polyethylene tip in the calomel (KC1) solution. 
8 .  Adjust dial -3- to thermostat temperature through the slot in the 
cabinet of the pH meter . 
9 .  Press button -2-, READ . 
10. Press button -6- , 6 . 8  - 8 . 2  pH. 
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1 1 .  Adjust dial - 5 - ,  BUFFER ADJUSTMENT , to make meter indicate buffer pH 
( 7 . 38 )  at actual temperature on the scale 6.8 - 8 . 2 . 
12.  Press button -1- STAND-BY , and button -7- . 
Measurement of the samples 
1 .  Flush the glass electrode with distilled water . 
2 .  Draw air through the electrode until the capillary tube is dry. 
3 .  Draw sample from the thoroughly mixed capillary tube with a continuvus 
unbroken flow, through the glass electrode . 
' 
4 .  Return the glass electrode to the holder in its measuring positjon: 
the polyethylene tip in the calomel solution (KC1 ) .  
5 .  Press button -2- , READ , and read temporally . 
6. �ress button -6- , 6 . 8  - 8 . 2  pH and read accurately from the meter when 
the needle is settled. Record the reading on the information sheet. 
7 .  Press button -1-, STAND-BY , and button -7-.  
8 .  Flush the glass electrode wi±h a weak buffer solution quickly . 
9 .  Flush the glass electrode with distilled water . 
1 0 .  Make sure no blood is left in the glass eiectrode . 
11.  Return the glass electrode to the resti�g position, the polyethylene 
tip in the distilled water . 
1 2 .  After every three blood samples , check the calomel solution , using 
the standardized buffer solution having a known pH,  7 . 38 or 6 . 84 . 
13. Replace the calomel solution as often as determined by the regular 
calibration checks or at the discretion of the investigator . 
14. After �ompletion of all samples , empty and clean waste flask . 
1 5 .  Empty and clean calomel solution and refill with KC1 , replace rubber 
stopper. 
1 6 .  Turn off heat on the circulation equipment and shut off the motor . 
17. Turn off the pH meter. 
18.  Clean the area. 
19. Recheck the area and equipment . 
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APPENDIX G 
PRACTICE SESSION FOR THE SWIMMING SUBJECTS 
All subjects warmed up with a 2000 yard swim at their own pace . 
One and one half minutes elapsed prior to the starting of the next activity . 
Each subject swam 15 - 100 yard freestyle at two minutes each. There was 
approximately twenty-five seconds between each . 
Each subj ect kicked twenty lengths of the pool, consuming approximately 
four and one half minutes . 
Each subject swam 10 - 50 yard freestyle at one minute each . There was 
approximately 15 seconds between each . 
All subjects pulled 20 lengths of the pool. 
All subjects swam three 100 yard freestyle events at all out effort . 
The entire practice totaled 5300 yards of swimming. 
so 
APPENDIX H 
PRACTICE SESSION FOR THE TRACK SUBJECTS 
The distance and middle distance subjects ( 880 , mile , two mile) performed 
the following : 
6 continuous miles at 6 minutes each 
The only short distance subject tested performed the following: 
I .  
II . 
III . 
VI.  
v .  
VI 
A. 5 HH at 12 yard interval - 5 times 
B .  5 Strides between each - 5 times 
A .  Sprint over 3 HH 
B .  Pull out 2nd HH and 
place 3 HH at 9 yards 
from 1st HH. 
- 10 times 
- 10 t imes 
A .  Perform 5 forty yard starts over 3 HH (with gun) 
A .  Interval training 
A .  3 - 220 yard sprints at 2 3 . 6  'seconds 
A .  Cool off with an 8 minute mile. 
Only five track subjects performed the above schedule 
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